###### Strengths and limitations of this study

-   This is the first study investigating the prognostic value of albumin-globulin score and albumin to globulin ratio in patients with heart failure (HF).

-   A strength of this study is its cohort study design.

-   To avoid bias, only patients first diagnosed with HF were selected.

-   Information bias could not be avoided owing to the retrospective cohort study design.

Introduction {#s1}
============

Heart failure (HF), with a prevalence of more than 23 million worldwide,[@R1] is a global public health problem. In China, there are 4.2 million people living with HF, with 500 000 new cases diagnosed each year, and this number is expected to increase still further,[@R3] causing enormous social and economic burden. Over the last 30 years, although great improvements have been made in drug and device therapy, the survival and the rehospitalisation rate of patients with HF often remain unsatisfactory.[@R4] Hence, identification of promising prognostic factors that contribute to risk classification and clinical management of such patients could improve long-term survival.

Numerous prognostic markers of death and/or HF hospitalisation have been identified in patients with HF. In recent decades, several multivariable prognostic risk scores have been developed for different populations of patients with HF.[@R6] However, their clinical applicability is limited and precise risk stratification in HF remains challenging. Simple but effective prognostic biomarker models are needed to improve the management of the HF epidemic.

The correlation between serum albumin (ALB) and globulin (GLB) with HF has recently been emphasised. ALB and GLB, the two major components of serum proteins, have been confirmed to be involved in the systemic inflammatory process. Serum ALB, one of the biochemical tests, indicates nutritional status and relates to chronic inflammation in HF.[@R9] Moreover, increased levels of GLB could serve as a marker of chronic inflammation response and reflect a cumulative exposure of various proinflammatory cytokines.[@R11] Previous studies have demonstrated that hypoalbuminaemia was associated with impaired survival in patients with HF.[@R12] However, no study investigated the cumulative effects of ALB and GLB on patients with HF. Therefore, the purpose of the present study was to assess the effects of the albumin-globulin score (AGS) and albumin to globulin ratio (AGR) on the long-term survival of patients with HF.

Materials and methods {#s2}
=====================

Participants {#s2a}
------------

Between January 2010 and September 2015, 404 consecutive patients who were first diagnosed with HF at the First Affiliated Hospital of Zhengzhou University were included. The diagnosis of HF was based on a history of dyspnoea with symptomatic exercise intolerance, and signs of documentation of left ventricular enlargement or peripheral oedema or pulmonary congestion or radionuclide ventriculography or dysfunction by chest X-ray and/or echocardiography.[@R13] Informed consent was obtained from all patients prior to participation. All methods were performed in accordance with the relevant guidelines and regulations.

The exclusion criteria were as follows: (1) acute coronary syndrome, (2) no echocardiographic structural or functional abnormalities, (3) without HF and (4) death before discharge.

Patient and public involvement {#s2b}
------------------------------

All participants were given written informed consent before they joined the study to authorise use of data generated from the medical information system. The research question and outcome measures were handed out to each patient in hardcopy. Patients were not involved in the recruitment and conduct of the study. The results will be mailed to each participant.

Clinical and laboratory parameters {#s2c}
----------------------------------

Patients' baseline characteristics, including demographic parameters, comorbidities, medications and laboratory variables, were retrospectively reviewed and collected from the electronic medical records by two researchers. Fasting venous blood samples were collected from all patients within 3 days after admission and were immediately sent for analysis. The serum levels of ALB, GLB and other variables were assayed using an automatic biochemical analyser (Hitachi 7600, Japan). The receiver operating characteristic curve was used to calculate the cut-off points for ALB, GLB and AGR. Patients with low ALB levels (≤35.3 g/L) and high GLB levels (\>27.0 g/L) were assigned an AGS of 2, those with only one of the two abnormalities were assigned an AGS of 1 and those with neither of the two abnormalities were assigned an AGS of 0. AGS=1--2 was defined as high, AGS=0 was defined as low, AGR\>1.48 was defined as high and AGR≤1.48 was defined as low. Moreover, AGR was divided into three equal tertiles.

Follow-up {#s2d}
---------

All patients were followed up every 3 months for the first 2 years, every 6 months in the third and every 1 year afterwards. The primary endpoint was death due to a cardiovascular event (myocardial infarction, progressive HF, stroke, other vascular causes or sudden cardiac death), while the secondary endpoint was progressive HF requiring rehospitalisation. Follow-up was performed until death of the patient or until July 2016, which was the cut-off date for this study.

Statistical analysis {#s2e}
--------------------

t-Test was used to examine the difference in age. Rank-sum test was used to measure the difference in non-normally continuous variables (ALB, B-type natriuretic peptide (BNP), interventricular septum thickness (IVST), posterior wall thickness, left ventricular end-diastolic volume (LVDv), left ventricular end-systolic volume (LVSv), left ventricular ejection fraction (LVEF) and left atrial dimension (LAD)). The χ^2^ test was used to assess the difference in categorical variables (including gender, hypertension, diabetes mellitus, chronic kidney disease (CKD), history of HF, idiopathic dilated cardiomyopathy (DCM), hypertrophic cardiomyopathy, hypertensive heart disease, atrial fibrillation (AF) and medications). The Kaplan-Meier method with log-rank test was used to estimate survival curves. Univariable Cox regression analysis was used to identify variables associated with overall survival. Variables with a p\<0.05 on univariable analysis were further assessed with a multivariable Cox regression model. SPSS V.21 software was used for statistical analysis. The level of significance was established as a two-sided p value of 0.05.

Results {#s3}
=======

The baseline characteristics of patients are presented in [table 1](#T1){ref-type="table"}. A total of 404 patients with HF, with a mean age of 62.70±15.62 years old, were included in the analysis. Among them, 260 patients (64.25%) were classified as high AGS, while 189 patients (46.78%) were classified as higher AGR. Patients with lower AGS were more often among individuals without CKD, with idiopathic DCM, and were using beta-blocker and ACE inhibitor (ACE-I). They also had lower BNP, higher LVSv, higher LVEF and lower LAD. Patients with higher AGR were more often among individuals without diabetes mellitus, without coronary heart disease, with DCM, and were using beta-blocker and ACE-I. They also had lower BNP.

###### 

Correlation between AGS, AGR and clinicopathological parameters in 404 patients with chronic HF

  Variables                   AGS (high=260, low=144)    AGR (high=189, low=215)                                                                    
  --------------------------- -------------------------- -------------------------- --------- -------------------------- -------------------------- ---------
  Age (years)                 63.82±15.63                60.67±15.45                0.051     59.46±15.34                65.41±15.34                \<0.001
  Gender                                                                                                                                            
   Male                       133 (51.2%)                87 (60.4%)                 0.073     111 (58.7%)                109 (51.2%)                0.129
  Albumin (g/dL)              37.8 (26.8--47.1)          36.0 (24.2--45.1)          0.026     36.3 (26.1--46.3)          38.2 (25.7--47.5)          0.017
  Hypertension                107 (41.2%)                59 (41.0%)                 0.972     78 (41.3%)                 88 (41.3%)                 0.993
  Diabetes mellitus           80 (30.8%)                 32 (22.2%)                 0.066     42 (22.2%)                 70 (32.9%)                 0.018
  CKD                         32 (12.3%)                 7 (4.9%)                   0.015     16 (8.5%)                  23 (10.8%)                 0.430
  History of HF               185 (71.2%)                110 (76.4%)                0.256     145 (76.7%)                148 (69.5%)                0.103
  VHD                         35 (13.5%)                 18 (12.5%)                 0.784     24 (12.7%)                 29 (13.6%)                 0.786
  CHD                         118 (45.4%)                68 (47.2%)                 0.723     75 (39.7%)                 110 (51.6%)                0.016
  DCM                         39 (15.0%)                 33 (22.9%)                 0.046     47 (24.9%)                 25 (11.7%)                 0.001
  HCM                         7 (2.7%)                   2 (1.4%)                   0.395     5 (2.6%)                   4 (1.9%)                   0.604
  HHD                         5 (1.9%)                   5 (3.5%)                   0.337     5 (2.6%)                   5 (2.3%)                   0.848
  AF                          81 (31.2%)                 40 (27.8%)                 0.478     60 (31.7%)                 60 (28.2%)                 0.434
  BNP (pg/mL)                 3948.5 (500.7--18 807.6)   2643.0 (409.6--12 089.1)   \<0.001   2881.0 (532.4--20 725.8)   4155.5 (445.2--17 685.2)   \<0.001
  Echocardiography findings                                                                                                                         
   IVST (mm)                  10.0 (7.8--13.0)           9.7 (8.0--13.4)            0.027     10.0 (8.0--14.0)           10.0 (7.7--13.0)           0.813
   PWT (mm)                   9.0 (8.0--12.0)            9.0 (7.2--12.9)            0.172     9.0 (2.2--12.8)            9.0 (8.0--11.0)            0.423
   LVDv (mL)                  152.0 (71.6--347.6)        170.0 (72.6--346.0)        0.014     150.5 (72.0--365.7)        170.0 (67.8--343.2)        0.023
   LVSv (mL)                  75.5 (27.0--225.6)         98.0 (27.0--232.1)         0.007     95.0 (26.4--230.0)         74.5 (27.0--231.1)         0.019
   LVEF (%)                   48.0 (28.0--67.5)          45.0 (27.0--64.0)          0.031     45.0 (27.0--65.0)          48.0 (28.0--67.0)          0.086
   LAD (mm)                   40.0 (29.0--58.4)          42.0 (28.3--63.7)          0.047     42.0 (29.4--62.2)          39.0 (29.0--60.6)          0.032
  Medications, n (%)                                                                                                                                
   Beta-blocker               152 (58.5%)                99 (68.8%)                 0.041     130 (68.8%)                120 (56.3%)                0.010
   CCB                        57 (21.9%)                 31 (21.5%)                 0.927     43 (22.8%)                 45 (21.1%)                 0.694
   Statins                    120 (46.2%)                70 (48.6%)                 0.636     92 (48.7%)                 97 (45.5%)                 0.529
   ARB                        83 (31.9%)                 41 (28.5%)                 0.471     63 (33.3%)                 61 (28.6%)                 0.309
   ACE-I                      74 (28.5%)                 69 (47.9%)                 \<0.001   83 (43.9%)                 59 (27.7%)                 0.001

ACE-I, ACE inhibitor; AF, atrial fibrillation; AGR, albumin to globulin ratio; AGS, albumin-globulin score; ARB, angiotensin receptor blocker; BNP, B-type natriuretic peptide; CCB, calcium-channel blocker; CHD, coronary heart disease; CKD, chronic kidney disease; DCM, idiopathic dilated cardiomyopathy; HCM, hypertrophic cardiomyopathy; HF, heart failure; HHD, hypertensive heart disease; IVST, interventricular septum thickness; LAD, left atrial dimension; LVDv, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVSv, left ventricular end-systolic volume; PWT, posterior wall thickness; VHD, valvular heart disease.

By July 2016, 404 patients had been followed up. Of these patients, 120 died, 211 were readmitted to the hospital and 14 were lost to follow-up. The follow-up rate was 96.5%. The mean and median survival times were 47.23 months and 62.00 months, respectively. [Figures 1 and 2](#F1 F2){ref-type="fig"} show the Kaplan-Meier curves of the overall survival and hospital-free survival according to AGR (\>1.48 vs ≤1.48) and AGS (0 vs 1--2), while [figure 3](#F3){ref-type="fig"} shows the Kaplan-Meier curves of overall survival and hospital-free survival according to the AGR tertiles.

![Kaplan-Meier survival curves according to (A) albumin to globulin ratio (AGR) and (B) albumin-globulin score (AGS).](bmjopen-2018-022960f01){#F1}

![Kaplan-Meier hospital-free curves according to (A) albumin to globulin ratio (AGR) and (B) albumin-globulin score (AGS).](bmjopen-2018-022960f02){#F2}

![Kaplan-Meier (A) survival and (B) hospital-free curves according to albumin to globulin ratio tertiles.](bmjopen-2018-022960f03){#F3}

As shown in [table 2](#T2){ref-type="table"}, univariate analysis showed that higher AGR and lower AGS were significantly associated with favourable overall survival: 0.54 (95% CI 0.37 to 0.80) and 0.56 (95% CI 0.37 to 0.84), respectively. Other significant prognostic variables identified by univariate analysis were age (per year), CKD (yes vs no), BNP (per 100 pg/mL), LVDv (per mL), LVSv (per mL) and LAD (per mm). On multivariate analysis, AGR remained an independent predictor for overall survival (HR, 0.61, 95% CI 0.38 to 0.98), but not AGS (HR, 0.81, 95% CI 0.41 to 1.57).

###### 

Univariate and multivariate analyses of overall survival

  Variable                         Univariate analysis   Multivariate analysis                         
  -------------------------------- --------------------- ----------------------- --------------------- -------
  Age (per year)                   1.02 (1.01 to 1.03)   0.011                   1.03 (1.01 to 1.05)   0.006
  Gender (female vs male)          0.94 (0.78 to 1.13)   0.501                                         
  Hypertension (yes vs no)         0.95 (0.66 to 1.37)   0.774                                         
  Diabetes mellitus (yes vs no)    1.27 (0.87 to 1.87)   0.221                                         
  CKD (yes vs no)                  2.37 (1.43 to 3.94)   0.001                   2.13 (1.11 to 4.09)   0.023
  History of HF (yes vs no)        1.27 (0.85 to 1.90)   0.244                                         
  VHD (yes vs no)                  1.50 (0.95 to 2.37)   0.079                                         
  CHD (yes vs no)                  0.96 (0.67 to 1.37)   0.808                                         
  DCM (yes vs no)                  0.63 (0.37 to 1.11)   0.114                                         
  HCM (yes vs no)                  0.70 (0.17 to 2.81)   0.610                                         
  HHD (yes vs no)                  0.64 (0.16 to 2.60)   0.536                                         
  AF (yes vs no)                   1.26 (0.87 to 1.84)   0.221                                         
  BNP (per 100 pg/mL)              1.01 (1.00 to 1.02)   \<0.001                 1.01 (1.00 to 1.02)   0.034
  LVEF (per 1%)                    1.00 (0.98 to 1.01)   0.623                                         
  IVST (per mm)                    1.10 (0.99 to 1.21)   0.066                                         
  PWT (per mm)                     1.09 (0.99 to 1.19)   0.076                                         
  LVDv (per mL)                    1.01 (1.00 to 1.02)   0.028                   1.00 (0.99 to 1.01)   0.393
  LVSv (per mL)                    1.01 (1.00 to 1.02)   0.033                   1.01 (1.00 to 1.02)   0.006
  LAD (per mm)                     1.02 (1.01 to 1.04)   0.001                   1.03 (1.01 to 1.05)   0.001
  AGR (\>1.48 vs ≤1.48)            0.54 (0.37 to 0.80)   0.001                   0.61 (0.38 to 0.98)   0.040
  AGR (reference: first tertile)                                                                       
  AGR second tertile               0.84 (0.55 to 1.28)   0.412                   0.82 (0.54 to 1.25)   0.350
  AGR third tertile                0.56 (0.36 to 0.89)   0.014                   0.62 (0.39 to 0.98)   0.040
  AGS (0 vs 1--2)                  0.56 (0.37 to 0.84)   0.005                   0.81 (0.41 to 1.57)   0.525

AF, atrial fibrillation; AGR, albumin to globulin ratio; AGS, albumin-globulin score; BNP, B-type natriuretic peptide; CHD, coronary heart disease; CKD, chronic kidney disease; DCM, idiopathic dilated cardiomyopathy; HCM, hypertrophic cardiomyopathy; HF, heart failure; HHD, hypertensive heart disease; IVST, interventricular septum thickness; LAD, left atrial dimension; LVDv, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVSv, left ventricular end-systolic volume; PWT, posterior wall thickness; VHD, valvular heart disease.

The univariate and multivariate analyses of rehospitalisation are presented in [table 3](#T3){ref-type="table"}. Univariate analysis showed that AGR and AGS had no significant effect on rehospitalisation: 0.92 (95% CI 0.70 to 1.22) and 0.99 (95% CI 0.75 to 1.32), respectively. However, age (per year), CKD (yes vs no), history of HF (yes vs no), BNP (per 100 pg/mL), IVST (per mm) and LAD (per mm) were significant prognostic variables for rehospitalisation. On multivariate analysis, age (per year), CKD (yes vs no), IVST (per mm) and LAD (per mm) were independent prognostic indicators for rehospitalisation.

###### 

Univariate and multivariate analyses of rehospitalisation

  Variable                         Univariate analysis   Multivariate analysis                         
  -------------------------------- --------------------- ----------------------- --------------------- -------
  Age (per year)                   1.01 (1.00 to 1.02)   0.009                   1.01 (1.00 to 1.02)   0.028
  Gender (female vs male)          1.01 (1.00 to 1.02)   0.882                                         
  Hypertension (yes vs no)         1.00 (0.76 to 1.32)   0.998                                         
  Diabetes mellitus (yes vs no)    1.25 (0.94 to 1.68)   0.130                                         
  CKD (yes vs no)                  1.68 (1.07 to 2.62)   0.023                   1.80 (1.07 to 3.03)   0.027
  History of HF (yes vs no)        1.42 (1.04 to 1.94)   0.028                   1.30 (0.87 to 1.95)   0.202
  VHD (yes vs no)                  1.14 (0.78 to 1.68)   0.490                                         
  CHD (yes vs no)                  1.26 (0.96 to 1.65)   0.096                                         
  DCM (yes vs no)                  0.61 (0.33 to 1.12)   0.108                                         
  HCM (yes vs no)                  1.28 (0.60 to 2.73)   0.523                                         
  HHD (yes vs no)                  0.77 (0.29 to 2.08)   0.609                                         
  AF (yes vs no)                   1.11 (0.83 to 1.47)   0.487                                         
  BNP (per 100 pg/mL)              1.01 (1.00 to 1.02)   0.050                   1.00 (0.99 to 1.01)   0.967
  LVEF (per 1%)                    1.01 (0.99 to 1.02)   0.187                                         
  IVST (per mm)                    1.09 (1.01 to 1.17)   0.023                   1.10 (1.00 to 1.20)   0.050
  PWT (per mm)                     1.04 (0.97 to 1.13)   0.296                                         
  LVDv (per mL)                    1.00 (0.99 to 1.01)   0.967                                         
  LVSv (per mL)                    1.00 (0.99 to 1.01)   0.839                                         
  LAD (per mm)                     1.01 (1.00 to 1.03)   0.041                   1.02 (1.00 to 1.03)   0.011
  AGR (\>1.48 vs ≤1.48)            0.92 (0.70 to 1.22)   0.573                                         
  AGR (reference: first tertile)                                                                       
  AGR second tertile               1.14 (0.82 to 1.58)   0.448                                         
  AGR third tertile                0.97 (0.69 to 1.36)   0.850                                         
  AGS (0 vs 1--2)                  0.99 (0.75 to 1.32)   0.959                                         

AF, atrial fibrillation; AGR, albumin to globulin ratio; AGS, albumin-globulin score; BNP, B-type natriuretic peptide; CHD, coronary heart disease; CKD, chronic kidney disease; DCM, idiopathic dilated cardiomyopathy; HCM, hypertrophic cardiomyopathy; HF, heart failure; HHD, hypertensive heart disease; IVST, interventricular septum thickness; LAD, left atrial dimension; LVDv, left ventricular end-diastolic volume; LVSv, left ventricular end-systolic volume; LVEF, left ventricular ejection fraction; PWT, posterior wall thickness; VHD, valvular heart disease.

Discussion {#s4}
==========

This study demonstrated that the combination of ALB and GLB has potential predictive effects on the survival of patients with HF, and that higher AGR was significantly associated with favourable overall survival among patients with HF. To the best of our knowledge, this is the first study investigating the prognostic value of AGS and AGR in patients with HF.

The prediction of HF prognosis is a cornerstone of HF management. Accurately predicting prognosis can be of benefit to patients with HF. Patients with a poor prognosis might benefit more from aggressive treatment and a closer follow-up.[@R14] There exist previous risk models for patients with HF,[@R15] which adopted a systems biology approach; incorporating information from demographic, biomarker, genomic, proteomic and the initial response to therapy might create a more effective prediction model and hopefully aid in understanding HF prognosis. However, these models are complex in clinical application and only provide moderate accuracy prediction in survival and rehospitalisation in patients with HF.[@R17] Hence, designing a simple survival model based on routine blood biochemical indexes for clinicians is helpful for better identification of patients at high risk for HF.

The role of serum ALB is complex. Serum ALB is synthesised in the liver and plays multiple physiological roles, including maintenance of pH and normal microvascular permeability and mediation of coagulation, and has antioxidant properties.[@R18] The decrease in plasma ALB concentration may be due to malnutrition and cachexia (decreased ALB intake),[@R19] diffuse inflammation (increased ALB consumption),[@R20] renal impairment (increased urinary ALB loss),[@R21] plasma volume expansion (dilutional hypoalbuminaemia) and hepatic dysfunction (decreased ALB synthesis).[@R22] Serum ALB is used to access protein malnutrition without calorie malnutrition which did not affect the anthropometric measurements (eg, weight).[@R24] Malnutrition was found to be associated with worsening of symptoms and poor prognosis. Multiple European studies showed malnourished patients with HF are weaker and experience fatigue earlier.[@R25] HF with hypoalbuminaemia, the indicator of malnutrition, was found to be associated with higher New York Heart Association functional class, elevated serum blood urea nitrogen and C reactive protein (CRP).[@R24] It should be noted that, although hypoalbuminaemia might reflect poor nutritional status, ALB reduction in chronic inflammation is frequent.[@R11]

Similar to the low ALB, high non-albumin protein was a predictor of mortality in patients with HF. We postulate that the high serum non-albumin proteins status is a marker of inflammation in patients with HF. Chronic inflammation is known to increase acute-phase proteins (eg, CRP, serum amyloid A, complement C3, fibrinogen and ceruloplasmin), which constitute part of the calculated GLB,[@R11] and the increased level of GLB serves as a marker of chronic inflammation and reflects cumulative exposure to various proinflammatory cytokines such as interleukin (IL), particularly IL-6 and IL-1β, and tumour necrosis factor-α, which stimulates the production of acute-phase proteins.[@R11] Chronic inflammation is a critical contributor to HF occurrence, development and survival, and is also related to the risk of recurrence among patients with HF.[@R27] Hence, we propose that low AGR and high AGS measure the extent of such activities related to chronic inflammation, which influences mortality.

What is more, we found that LAD was a significant independent predictor of long-term survival and rehospitalisation of patients with HF. The result is consistent with previous research findings.[@R28] As a predictor reflecting left atrium (LA) structural remodelling, LAD relates to all key risk factors for AF, such as advancing age, male sex and higher blood pressure.[@R29] LA enlargement, as characterised by echocardiographic LAD, is related to incident AF, HF, stroke and mortality.[@R28] Moreover, LA enlargement can reflect atrial volume or pressure overload in valvular or ischaemic heart disease, or as a consequence of AF.[@R34]

Prior studies have demonstrated that low serum ALB is an independent predictor of HF long-term mortality. Liu *et al* [@R37] showed that patients with hypoalbuminaemia had a significantly lower survival rate (53% vs 84%, log-rank χ(2)=53.3, p\<0.001) and a higher rate of cardiovascular death (21.8% vs 8.9%, p\<0.001). Su *et al* [@R38] reported that patients with higher N-terminal pro-brain natriuretic peptide (NT-proBNP) and lower ALB than the median had the highest risk for cardiac events (HR, 2.89, CI 1.90 to 4.40). The finding in our study that AGR is an independent predictor of long-term mortality in patients with HF was consistent with previous studies.

Conclusions {#s5}
===========

In conclusion, the present study suggests that AGR is a convenient and effective tool to predict the overall survival time in patients with HF. Further larger prospective studies are required to validate this finding and to investigate other prognostic indicators in patients with HF.
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